Rapid, continuous purification of proteins in a microfluidic device using genetically-engineered partition tags.
High-throughput screening assays of native and recombinant proteins are increasingly crucial in life science research, including fields such as drug screening and enzyme engineering. These assays are typically highly parallel, and require minute amounts of purified protein per assay. To address this need, we have developed a rapid, automated microscale process for isolating specific proteins from sub-microlitre volumes of E. Coli cell lysate. Recombinant proteins are genetically tagged to drive partitioning into the PEG-rich phase of a flowing aqueous two-phase system, which removes approximately 85% of contaminating proteins, as well as unwanted nucleic acids and cell debris, on a simple microfluidic device. Inclusion of the genetic tag roughly triples recovery of the autofluorescent protein AcGFP1, and also significantly improves recovery of the enzyme glutathione S-transferase (GST), from nearly zero recovery for the wild-type enzyme, up to 40% with genetic tagging. The extraction process operates continuously, with only a single step from cell lysate to purified protein, and does not require expensive affinity reagents or troublesome chromatographic steps. The two-phase system is mild and does not disrupt protein function, as evidenced by recovery of active enzymes and functional fluorescent protein from our microfluidic process. The microfluidic aqueous two-phase extraction forms the core component of an integrated lab-on-a-chip device comprising cell culture, lysis, purification and analysis on a single device.